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Introduction
Studies have found that poor infant health persists into adulthood and that poor infant health contributes to the health income gradient found later in life (see Case, Fertig and Paxson, 2005;  and the references cited therein). It is therefore important to examine which factors determine infant health and whether their effect is causal. In this paper we look at the effect of parental education on child health.
There are different channels through which parental education can affect their children's health. Education might have a direct impact on child health because it increases the ability to acquire and process information. This helps parents to make better health investments for themselves and their children and may result in better parenting in general. Alternatively, education can affect child health through indirect pathways. An increased level of education can
give access to more skilled work with higher earnings and these resources could be used to invest in health and to cushion the impact of adverse health shocks (Case, Lubotsky and Paxson, 2002) .
In the presence of assortative mating, individuals with a higher level of education also marry partners with higher levels of education, which positively affect family income. Case, Lubotsky and Paxson (2002) find that parents' long run income is important for the child's health.
Furthermore, attending school for a longer time could lead to a change in preferences by either lowering the discount rate or increasing risk-aversion (Cutler and Lleras-Muney, 2006) . Finally, increased education can increase the opportunity cost of having children and change fertility choices or delay having children. However, McCrary and Royer (2006) do not find any effect of mother's education on fertility choices.
While all these channels are potential explanations to why parental education might induce better child health, parental education and child health can also be related in non-causal ways. Indeed, endowments that are transmitted across generations can cause a positive association between parental education and child health. To overcome such endogeneity problems it is necessary to find some exogenous variation in parental education. Recently the use of schooling reforms as a source of exogenous variation has become popular in labor and health economics. Most studies focus on the causal impact of education on earnings (e.g. Harmon and Walker, 1995; Meghir and Palme, 2005; Pischke and Von Wachter, 2005) or on the effect of parental income on the education of their children (e.g. Black, Devereux and Salvanes, 2005; Chevalier, Harmon, O'Sullivan and Walker, 2005; Holmlund, Lindahl and Plug, 2006; Oreopoulos, Page and Stevens, 2006) . Only a few papers have examined the impact of education on health. Oreopoulos (2006) uses changes in the minimum school leaving ages in the UK and 2
Ireland and finds that an extra year of schooling increases earnings and improves self-assessed health when leaving school. Lleras-Muney (2005) uses variation across states in compulsory education laws and finds that an additional year of education lowers mortality. Using Danish panel data, Arendt (2005) finds inconclusive results of education on self-reported health and body mass index. He finds, however, that an increase in education reduces the probability that a person smokes. Currie and Moretti (2003) examine the impact of college openings on women's educational attainment and their infants' health. They find that maternal education does improve their offspring's health. Part of the effect is assigned to the increased use of prenatal care and reduced smoking. McCrary and Royer (2006) exploit discontinuities in school entry policies in California and Texas to assess the effect of education on fertility and infant health outcomes.
They find that education does not affect observable inputs to infant health and has only small effects on infant health. Finally, Doyle, Harmon and Walker (2005) use a schooling reform and grandparental smoking behavior to instrument parental education and income and find no effect of parental income on the health of their offspring and weak effects of parental education. They conclude from this that the significant effects of parental income on child health as found in Case, Lubotsky and Paxson (2002) and Currie, Shields and Wheatley-Price (2006) is spurious.
In this paper, we use a schooling reform that took place in the United Kingdom in 1947.
The reform raised the minimum school leaving age from 14 to 15. We show that the reform only affected the schooling decision of individuals at the lower end of the education distribution; the fraction of individuals leaving school at age 16 or later remained unaffected by the reform. More precisely, due to the reform about 50% of the individuals in a birth cohort raised their school leaving age from 14 to 15. We focus our empirical analyses mainly on those parents (fathers and mothers) leaving school at age 14 and 15. 1 This means that the estimated impact of parental education should be considered as local average treatment effects (see Imbens and Angrist, 1994) .
We show that restricting the data increases the impact of the reform on schooling compared to using individuals with all levels of schooling as is done in previous studies. Previous approaches in this literature (e.g. Chevalier, Harmon, O'Sullivan and Walker, 2005; Doyle, Harmon and Walker, 2005; Oreopoulos, 2006) mostly included all schooling levels in the analyses, thereby implicetly assuming that reforms at the lower end of the education distribution also affect school leaving ages of those at the higher end of the education distribution. In the absence of such effects on the higher end of the education distribution this might lead to a weak instruments problem that will bias the results.
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We assess the causal effect of parental education on a wide range of child health variables. These variables include health measured at birth as well as health measured later in childhood. We discussed above that parental education might affect child health through different mechanisms. We therefore also examine whether parental education causally affects parental behavior, parental health and labor market outcomes. We find little effect of a direct causal relationship between parental education and child health. We also find that increased parental education reduces possible financial difficulties in the family. We therefore conclude that the effects of parental education and income on child health are at most modest.
The remainder of this paper is organized as follows. In Section 2 we describe the dataset, and in Section 3 we discuss the background of the 1947 reform. Section 4 presents the empirical specification. The results are presented in Section 5 and we close with a discussion and conclusion in section 6.
Data
The National Child Development Study is a longitudinal study of about 17,000 babies born in We know the year of birth of the parents and the age at which they left full-time education. In each wave we have information on the mother's working status and on whether the family experienced financial difficulties. We choose not to use information on wages given the low response rate for this variable. The National Child Development Study records parental weight and height when the child is age 11. This information can be transformed to obtain the Body Mass Index. In addition, chronic conditions for the father and/or mother are recorded in all waves during childhood and adolescence. We use this information to construct a dummy for the presence of chronic conditions. Both can be used as measures for parental health. Finally, we have some information about fertility since the birth survey contains a measure of parity (the number of times the mother has given birth in 1958) and on the number of siblings the cohort member has at each age. Furthermore, all measures of child health are better for higher educated parents (lower probability of birth weight, illness at birth, serious conditions, stunting, and obesity). This shows the presence of the positive association between parental socioeconomic status and health that is also found in other studies. 2 The conditions are categorized under 12 groups (see Power and Peckham, 1987 all. The aims of the education reform were to "improve the future efficiency of the labor force, increase physical and mental adaptability, and prevent the mental and physical cramping caused by exposing children to monotonous occupations at an especially impressionable age" (Oreopoulos, 2006) . In addition, the Act resulted in the raising of the minimum school-leaving age from 14 to 15 in April 1947. According to Galindo-Rueda (2003) , the reform brought about an increase in the number of pupils that was largely concentrated among the secondary modern and technical schools where there were few entry requirements based on ability.
3.2 Distribution of schooling before and after the reform in the National Child Development Study data
The National Child Development Study includes parents born at different dates who are therefore affected differently by the reform. The first cohort of parents that is affected by the reform is born in 1934; they had to stay in school until the age of 15, compared to 14 for previous cohorts. Figure 1 shows the mean age of finishing school by year of birth for fathers and mothers. The mean age experiences a sharp raise in 1934, showing that the reform raised schooling age by on average 3 months for fathers and 4.5 months for mothers. Previous to the reform fathers' education reached a peak in 1930 and started to decline while mother's education declined later, in 1932. This is due to the fact that fathers tend to be older than mothers in our sample (see frequency of birth years in Table 2 ). In addition, after the original increase caused by the reform we observe a decrease in the mean age of schooling. Note that these are parents who had a child in 1958 and that less educated individuals are more likely to have children at young ages. This can lead to a sample where older individuals are more likely to have more education.
Figures 2 and 3 depict the percentages of parents leaving school at each age (stratified according to their year of birth). We see that prior to the reform more than 60% of the population left school at age 14 while between 10 and 20% (depending on the year and gender) left at age 15.
Within two years after the reform, close to 70% of fathers and mothers left at age 15. The graphs show that the proportion leaving at age 16 and beyond remains similar before and after the 6 implementation of the new minimum school leaving age. It therefore appears that the reform primarily affected those who would have left school earlier in absence of the reform. In 1934 only about 50% finished school at age 15 (55% for mothers), while 20% of mothers and 30% of fathers stayed until age 14 only. This is most likely due to partial implementation of the reform or to pupils turning 14 before the reform was fully passed. Since we do not have the exact date of birth we cannot check either hypothesis. Galindo-Rueda (2003) investigated whether behavioral responses to the reform varied according to observable characteristics. He found that mothers from smaller families and with skilled or semi-skilled parents were more likely to increase their schooling (the response was not heterogeneous for fathers).
We estimate the effect of the reform on the age at which fathers and mothers leave school. We capture the effect of the reform by a dummy for whether the individual was 14 on the year the reform was implemented and on the subsequent years it was in place. Since the reform might not fully affect the 1934 cohort like the later birth cohorts, we look at the effect of being 
Estimation methods
The schooling reform provides a natural experiment that can be used to identify the causal impact of parental schooling on a number of different outcome measures. Since close to the reform individuals are expected to be similar except for exposure to the reform, we can use regressiondiscontinuity techniques. The design is fuzzy as the school leaving age does not deterministically depend on exposure to the reform (e.g. Hahn, Todd and Van der Klaauw, 2001) . Obviously prior to the reform some individuals left school at age 15 or later, but also after the reform still some individuals left school at age 14. Since exposure to the reform depends on the year of birth, the regression-discontinuity design suggests that we should compare individuals born close to 1934, which was the first birth cohort affected by the reform. In the fuzzy regression-discontinuity design parental education is instrumented by whether or not they were exposed to the reform. Our empirical model is summarized by the following three equations:
H represents child health, E is the age at which the father and mother finished school, S is the sex of the child, P is parity in 1958, R includes dummy variables for the region of residence, A includes the age of the father and the mother in 1958, and Y is a dummy for whether the individual was affected by the reform. The superscript f indicates that the variable relates to the father, while the superscript m relates to the mother.
An important reason for including parity of the child and parental age is to reduce potential biases that might arise because the sample consists of families having a child born in 1958. It cannot be ruled out that the schooling reform affects fertility decisions such as the timing of childbearing and/or the number of children. We have checked the effect of the reform on parity in 1958 and on total fertility as observed in the 1974 survey and we did not find a significant effect of the reform in these regressions. Nevertheless, it is possible that the reform affects the decision to have any children at all or to delay childbearing. Furthermore, parents affected by the reform were born in later years than parents not affected by the reform. This implies that the parents affected by the reform were younger in 1958 when the child was born. We expect that controlling for parity and parental age reduces potential biases, but we cannot rule out that some 8 biases remain. It has to be noted that the same criticism applies to the study by McCrary and Royer (2006) who condition on mothers having their first child before age 23.
This model will estimate the causal effects of parental education on a range of child health variables: the child's birth weight, whether the child had an illness at birth, the number of chronic conditions in later childhood, height-for-age-z-scores and Body Mass Index. The results of these analyses will be discussed in Subsection 5.1.
As mentioned earlier, the impact of parental education may act on child health through various channels. Firstly, it may be that higher educated parents have more knowledge about prenatal care and care-taking of children and therefore for example they smoke less during pregnancy or more often breastfeed their child. Secondly, it is possible that increased education may have a direct impact on parents' health and that better parental health is transmitted across generations. Thirdly, health benefits might come from increased earnings or changed labor supply choices (particularly for women). We will also examine whether there is a causal effect of education on parental outcome variables such as: maternal smoking, whether the child was breastfed, an indicator of a chronic condition for the father or mother, father's Body Mass Index, or mother's Body Mass Index, the work status of the mother and whether the family experienced financial difficulties. The results of these analyses will be discussed in Subsection 5.2.
Identification from the regression-discontinuity design assumes that the population affected by the reform and the population not affected by the reform differ only in exposure to the reform. In practice, this assumption is justified only if the sample consists of birth cohorts sufficiently close to 1934 in order to avoid other cohort and trend effects. Indeed, children born to older parents might face a different socioeconomic environment than those born to younger parents, which might affect the outcomes of interest. We estimate our model for different subsamples of birth cohorts. It is obvious that if we restrict the subsample to only a few birth cohorts, we have a relatively small sample size. On the other hand if we take a subsample with many birth cohorts, other cohort and trend effects might bias the estimated effects. When restricting to a subsample of particular birth cohorts, we include only families with both parents born in the included birth years. As mentioned in the previous subsection, in 1934 there might have been only partial compliance to the reform. Therefore, as instrumental variables in equations (2) and (3), we include separate dummy variables for being born in 1934 and for being born in 1935 or later. Furthermore, we construct subsamples from which we exclude families with parents born in 1934. As mentioned in the previous section, the reform only affected the behavior of those individuals for which the reform was binding. β and 2 β should be interpreted as local effect of schooling, since these coefficient only measure educational effects for those parents persuaded to obtain one additional year of education due to the reform. Under the assumption that no individual will lower his/her level of education due to the reform (monotonicity assumption), our estimated effects should be interpreted within the local average treatment effect framework (Imbens and Angrist, 1994) . In particular, this implies that our estimated effects are the educational effects for those individuals who due to the reform increased their school leaving age from 14 to 15. From the previous section we have seen that this is about 50% of a birth cohort. The results are nevertheless interesting from a policy point of view because they focus on those at the bottom of the education distribution, the same group that is often aimed at in public programs.
Results
Child health
The OLS estimation results for equation (1) are presented in Table 4 . The table includes the effect of parental education on infant health at the time of birth (measured by birth weight and whether or not the child has an illness at birth) and at later ages in childhood (the number of conditions and height-for-age-z-scores and Body Mass Index at ages 7, 11 and 16). We present the results for different samples of birth cohorts and education groups. The OLS estimates show some significant associations between parental education and indicators for their offspring's health at birth. Higher birth weight is related to more parental education (either father or mother depending on the sample). The coefficient is also higher when focusing on the restricted sample with less educated parents. There is, on the other hand no effect of parental education on the probability of an illness at birth (the sample of less educated parents born in 1933-1935 being the exception).
For later childhood health, the full sample shows that there exists a positive association between parental schooling and child health when looking at anthropometric measures. Both maternal and paternal education levels are associated with higher height-for-age-z-scores for 10 children. When we focus on fewer birth years around the year of the reform, we find only maternal education to be significantly associated with higher height-for-age-z-scores. Father's education is correlated with Body Mass Index; more years of schooling for the father are associated with lower Body Mass Index. For the full sample, we never find a significant association between either father's or mother's education and the number of conditions during later childhood. We find no significant association between parental education and the child's health measures between ages 7 to 16 for the sample of lower educated parents. Table 5 presents the instrumental variables (IV) results. We instrument the age at which the parents left school by whether they were affected by the reform. Almost all results are statistically insignificant, suggesting that there is no causal effect of increased parental education.
Compared to the OLS results, the lack of significance is not always caused by reduced parameter estimates. For example, for the number of conditions and for height-for age-z-scores, we quite often see that both the estimated coefficients and the standard error increases. For the sample of parents leaving school at age 14-15 we find only that father's education has a marginally significant effect on the probability of having an illness at birth. But this effect is only present in the subsample of the birth cohorts 1931-1937 and disappears in the other subsamples of birth cohorts.
Epidemiological and economic studies on the long run effects of poor infant health often find different results for boys and girls. For instance, Leon et al. (1998) find that the relationship between birth weight and death from ischaemic heart disease is significant for men and not for women. Similarly, Van den Berg. Lindeboom and Portrait (2006) find that being born in a recession increases mortality risk at later ages and that this effect is only significant for men. We therefore also performed separate IV analyses for boys and girls. This did not alter the results. In none of the analyses we found any significant effect of parental education on the infant's health.
In the economic literature intergenerational effects are most often estimated separately for fathers and mothers (Black, Devereux and Salvanes, 2005; Holmlund, Lindahl and Plug, 2006) . The interpretation of the coefficients of education in separate regressions differs from those in our model where both father's and mother's education are included. In particular, when separate regressions are done for the father and mother, the estimated effects also include the effects of whom he/she marries (Behrman and Rosenzweig, 2002) . Effects of assortative mating on education are thus included in the parameter estimate of the education coefficient when one performs separate regressions for both parents. In a model where the education of both parents is included one can interpret the results as the direct effects of each parents' education. However, more importantly, performing separate analyses for fathers and mothers can lead to inconsistent 11 estimates in the case of assortative mating, even if one performs IV analyses. The main reasoning behind this is that if the father and mother are close in age, the reform is not a valid instrumental variable anymore. If one parent is affected by the reform, this increases the probability that also the partner is also affected by the reform. Therefore, the increased education of the partner does not only run via the educational level of the parent, but also via the reform. Since the educational level of the partner is not included as regressor, it is absorbed in the error term of the second stage. Assortative matching on age thus causes that the variables describing the reform are correlated with the second-stage error terms, which violates the validity condition for instrumental variables. Our data shows that the correlation between year of birth of the father and mother is 0.79. The correlation for exposure to the reform is 0.53, while the correlation in years of education is 0.57.
It is, however, interesting to see how the effects of education change if we do separate analyses for fathers and mothers. The results from IV estimation for mothers and fathers are presented in Table 6 and 7 respectively. Most effects for parental education are very small and not significant. For mothers, we only find in the 1933-1935 sample that more education reduces the height-for-age-z-score. For fathers we find similarly in the 1933-1935 sample a significant negative effect of education on the height-for-age-zscore.
Parental outcomes
We found little evidence for a causal impact of parental education on child heath. In the introduction we have specified a number of channels through which parental education could affect child health. In particular, we mentioned that parental education may affect child health indirectly via parental behavior, parental health and parental financial resources. By investigating the causal impact of education on these parental outcomes measures, we might be able to rule out whether these parental outcomes might affect child health. The underlying idea is that when parental education for example significantly increases parental financial resources, it is very unlikely that parental financial resources have a substantial impact on child health, given that we do not find any effect of parental education on child health. In Table 8 we show results from OLS estimation for the effect of parental education on parental outcomes. Table 9 presents the IV results.
Education could affect child health through improved prenatal care, for instance because better educated parents have more knowledge of the adverse effects of maternal smoking on infant health. The OLS results in the upper part of Table 8 show that parental schooling (father's or mother's or both depending on the sample) is significantly associated with smoking during pregnancy and whether or not the mother breastfeeds the child. When we restrict the sample to those parents leaving school at age 14-15, the significant effect of parental education on pregnancy smoking disappears and only marginally significant effects of mother's education on breastfeeding remain. When we furthermore instrument parental education by the reform none of the effects remain significant (see Table 9 ). The increase in education due to the reform did not decrease mother's smoking during the pregnancy, nor did it increase breastfeeding.
The IV estimation results show no significant effect of education on any of the parental health variables (chronic illnesses and Body Mass Index of both the father and mother). 3 This is different from the OLS estimates. These OLS estimates indicate a negative association between education and having a chronic illness and education and Body Mass Index. This holds for fathers and mothers and for different samples.
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The OLS results for the full sample show that mother's education is positively associated with being at work. A higher education of the father is negatively related with employment status of the mother. When we restrict the sample to those with fewer years of education, we no longer find a significant association between education and mother's working status (except for the 1933-1935 birth years). The IV results for this variable are in general larger than the OLS results and in 2 of the 3 subsamples we find an effect of father's education on the mother's work status that is significant at 10%. Table 8 shows that more education is associated with reduced chances of having financial difficulties. For the full sample this even holds for all cohort years. Table 8 also shows that the effect of the mother is generally larger than the effect of the father. The IV results show that more schooling for the mother is associated with a decrease in financial difficulties. This holds for the full sample and for the restricted sample. The estimates in the restricted sample are most often slightly smaller than the estimates in the full sample. Our result that more education causally leads to fewer financial difficulties is in line with the results of the vast literature on the returns to education. For example, Oreopoulos (2006) finds using the same education reform we 13 use large and significant earnings returns to education. It is generally found that more education leads to higher earnings and that the IV results are generally larger than the OLS results (see for instance the survey of Card, 1999) .
The significant causal effect of education on parental income sheds some more light on the potential effect of income in determining child health. Given that parental education has a causal effect on financial resources but no direct effect on the child health, we can conclude that parental income can at most have a very modest effect on child health. For the population of parents affected by the reform we do not find any effect of education on own health or on parental care. Therefore, our results do not rule out that parental health and/or parental care are important for child health.
Discussion and Conclusion
We examined the intergenerational effects of education on child health. As in most of the empirical literature, our data shows a strong positive association between parental socioeconomic status and child health. To investigate the causality of the relationship, we have exploited exogenous variation in parental educational due to a schooling reform on the minimum school leaving age. We have shown that the schooling reform only affected the educational decisions of individuals at the lower end of the educational distribution. In particular, about 50% of all individuals in a birth cohort were affected. The education reform appears to have had a substantial positive effect on time in schooling. For males additional schooling can be as high as 0.6 years, for females this is 0.7 years. Our results provide little evidence of a direct causal effect of parental education on child health. There is however more robust evidence of the positive effect of increasing education on living standards since an extra year of schooling decreases the household's financial difficulties. Given the fact that education has a causal impact on financial resources but little impact on child health, this raises the question as to what extent parental income does influence offspring health outcomes. For the population that is affected by the reform we do not find any effect of education on parental health or on parental care. Therefore our results do not rule out that parental health and/or parental care are important for child health.
Our findings are line with finding from the literature on the intergenerational transmission of education. Black, Devereux and Salvanes (2003) use a change in the educational system in Norway to assess the causal effect of parental education on the child's education. They also do not find a causal effect from parental education. They conclude from their findings that 14 the intergenerational correlation in education is due to family circumstances and/or inherited ability. This may also be the case for child health.
It is interesting to compare our findings to two studies on the intergenerational effects of education on child health. Currie and Moretti (2003) find significant improvement of infant health for women attending College. This seems to contrast our findings. However, they argue that the improvements in child health come from increases in prenatal care and reduced smoking due to the higher education of the mother. We did not find any changes in prenatal behavior or child care due to the increased schooling. Our results are completely in line with McCrary and Royer (2006) . They exploit discontinuities in school entry policies. In their set up the discontinuities can lead to 0.14 to 0.25 fewer years of education for those born beyond the school entry date. This change is substantially smaller than the changes in our sample induced by the reform. They examine the effect of education for those mothers giving birth before the age of 23 and find limited returns to education. They argue that this is because they focus on a sample of low educated women at risk of dropping out of school (like in our sample). Alternatively, the differences in results between Currie and Moretti (1999) on the one hand and our study and
McCrary and Royer (2006) on the other hand can be explained by the fact that the type of policy is different: our study focuses on a policy manipulating time of exit while Currie and Moretti (2003) look at a policy promoting College entrance. 5 The policies thus interfere at different margins of the parental educational distribution. One might take from combining the studies that positive intergenerational effects on child health appear when the parents reach a sufficiently high educational level. Besides most of those affected by the 1947 reform went into general secondary education and one could argue that because of this the value added of the additional year of schooling was very small. So, the quality of education rather than the quantity of education is important. Financial difficulties in the family (Avg over 1965 (Avg over , 1969 (Avg over , 1974 9.56% 9.75% 3.09% 10.57% 9.79% 3.86%
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Child obese (Avg over 1965 (Avg over , 1969 (Avg over , 1974 4.42% 3.28% 3.09% 4.67% 3.27% 3.10% Robust standard errors in parentheses; * significant at 10% level; ** significant at 5% level. For each interval, both the mother and the father are born within those years. Regressions are performed for children living with their natural parents and include sex of child, parity, regional dummies, and parental age. The results for the number of conditions, height-for age-Z scores and Body Mass Index are based on observations when the child was 7, 11 and 16 years old. We control for the age of the child and the estimation includes clustered standard errors. Disaggregated analyses are available upon request. Robust standard errors in parentheses; * significant at 10% level; ** Significant at 5% level. For each interval, both the mother and the father are born within those years. The regressions are performed for those children with their natural parents. Extra controls as in Table 4 . Robust standard errors in parentheses; * significant at 10% level; ** significant at 5% level. The regressions are performed for those children with their natural parents. Extra controls as in Table 4 . Robust standard errors in parentheses; * significant at 10% level; ** significant at 5% level. The regressions are performed for those children with their natural parents. Extra controls as in Table 4 . 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 Year of birth 
